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INTRODUCTION
α-Amylases (EC 3.2.1.1) or α (1-4) D-glucan-4-glucanhydrolase are endohydrolases, that specifically cleave the glycosidic bonds in starch to produce glucose, maltose, or dextrins, and glucoamylase (EC 3.2.1.3). They cut α (1-4) and α (1-6)-glycosidic linkages, releasing glucose from the non-reducing ends of starch, they are widely used in the industrial conversion of starch into sugars Research on thermo-and extremophiles, as promising sources for highly stable enzymes, has remained an active research subject (Adiguzel et al., 2009) . Thermophiles represent an obvious source of thermostable enzymes, it being reasonable to assume that such character will confer on their proteins a high thermal stability (Szilagyi and Zavodszky, 2000). Enzymes isolated from these microorganisms are not only thermostable and active at high temperature, but are also often resistant to and active in the presence of organic solvents and detergents (Saeki et al., 2007) . During the screening for thermophilic bacteria with extracellular hydrolyses from thermal Tunisian springs, a thermophilic Bacillus lichenifomis isolate (strain RBS 5) that displays high thermostable protease and α-amylase was isolated and identified. In addition characterization of these protease and α-amylase were performed.
MATERIALS AND METHODS

Isolation and identification of the strain
RBS5 strain was isolated from thermal springs in Korbos, Tunisia, using specific protocol as reported previously (Adiguzel et al., 2009 ). This isolate produce clear zones on starch and/or milk nutrient agar plates. The isolate is rod-shaped and is able to grow from 55 °C to ca. 80 °C. The biochemical tests were carried out using the API 50CHB system (Edward et al., 2003) . The DNA from bacterial cultures was extracted using a Wizard Genomic DNA Purification Kit. The amplification of the 16S ribosomal ribonucleic acid (rRNA) gene was performed using universal primers Fd1 and Rd1 (Fd1, 5′-AGAGTTTGATCCTGGCTCAG-3′ and Rd1, 5′-AAGGAGGTGATCCAGCC-3′). PCR product of ~1.5 kb corresponding to base positions 8-1542 based on Escherichia coli numbering of the 16S rRNA gene (Winker and Woese, 1991). The sample was placed in a hybrid thermal reactor thermocycler (BIOMetra, Leusden, The Netherlands), denatured for 1 minute at 95 °C and subjected to 30 cycles for 20 seconds at 95 °C, 30 seconds at 55 °C, and 1 minute and 30 seconds at 72 °C. This was followed by a final elongation step for 5 minutes at 72 °C. The PCR product was analyzed on 1.5% (w/v) agarose gel and sent to GATC (Germany) for sequencing. The nucleotide sequence of the 16S rRNA gene was determined using the dideoxy chain-termination method. The homology search was performed using the BLAST algorithm.
Bacillus licheniformis RBS 5 was isolated from thermal spring in Tunisia. The isolate coproduce α-amylase and protease enzymes. The α-amylase activity showed an optimal activity at approximately 65°C and in wide pH interval ranging from 4 to 9. This enzyme was stable over the range of 45 to 70°C after 30 min of incubation and in the pH range of 8 to 10. Protease activity was optimal; at 80°C, pH 12. This enzyme was stable until 60°C over the pH range of 10 to 12. EDTA at concentration of 5 mM reduces slightly both activities evoking the serine alkaline protease. ; the other cations reduce slightly the proteolytic activity. SDS and H2O2 were found as inhibitors for both activities whereas Triton X-100 and perfume have no effect. Taken together, these traits make protease activity of B. licheniformis RBS 5 as efficient for use in detergent industry.
Culture conditions
For the screening of amylolytic activity, RBS 5 was grown on starch agar plate containing 1 g soluble starch, 0.4 g yeast extract, 0.1 g KH2PO4, 0.15 g Mg SO4.7 H2O and 15 g Agar in 1 L of distilled water at 70°C for 48 h (Saxena et al., 2007). The bacterial isolate was inoculated on skim milk agar plates prepared with 250 ml skim milk, 3 g yeast extract, 5 g peptone, 20 g agar in 1 L of distilled water adjusted to pH 8.0 and incubated at 55 °C for 24 h (Johnvesly and Naik, 2001). A clear zone of hydrolysis revealed the presence of proteolytic activities depending on the clearance and diameter zone of substrate hydrolysis.
Detection of enzyme activity by zymography
RBS 5 enzyme extract was subjected to electrophoresis (Mini Protein II Electrophoresis Cell, Bio-Rad) on 30% acrylamide gel under denaturing conditions. The SDS-PAGE procedure was completed with a 12.5% gel, following the method of Laemmli (1970). The gel was washed with Triton X-100 (2.5%) for one hour to remove the SDS. Electrophoresis was performed at 100 mA for 1 hour at 4 °C in 1.5 M Tris-HCl buffer at pH 8.8 (Hmidet et al., 2009). After migration, the gel was soaked in a 1.0 M Tris-HCl buffer at pH 6.8. α-amylase and protease activities were revealed by the iodometric technique using Lugol solution to detect α-amylase and a 1% of casein solution to detect protease enzymes with the specific enzyme substrate method. Detection of protease activity was performed on polyacrylamide gel by staining for 1 H in Coomassie blue (G-250).
Enzyme assay α-amylase activity
The culture was grown at 70 °C for 72 h in a shaking incubator (150 rpm). The pH of the medium is 7.0. The broth was centrifuged at 10,000 rpm at 4 °C for 20 min and the clear supernatant was used as crude enzyme (Saxena et al., 2007). α-amylase activity was detected phenotypically: starch forms a deep blue complex with iodine (Gupta et al., 2003), and with the progressive hydrolysis of the starch, the color changes to red brown. The α-amylase activity was determinate by incubating of 0.5 mL of each enzymatic aliquot with 1% of soluble starch dissolved in 0.1M phosphate buffer (pH 6.5) at 70 °C for 15 min (Konsoula and Liakopoulou, 2007). The reaction was stopped by adding 1ml of 0.1 N of HCl and the final volume was adjusted to 40 mL with distilled water (Konsoula and Liakopoulou, 2007). The optical density of the precipitate was determined at 620 nm. All the experiments were performed in triplicates.
Protease enzyme assay
The Protease was produced in 1% glucose (w/v), 0.5% casein (w/v) and 0.1% MgSO4.7 H2O (w/v). The culture was grown for 72 hours at the optimum temperature for bacterial growth (Johnvesly and Naik, 2001). Protease activity in the cell-free supernatant was measured; alkaline protease activity was determined by using 1% casein as a substrate in 25 mM Glycine-NaOH buffer (pH 11). The assay was carried out routinely in a mixture containing 0.5 mL of a suitably diluted enzyme with 0.95 ml of Glycine-NaOH solution and 1 ml casein solution. After 20 min incubation in the optimum temperature for bacterial growth, the reaction was terminated by the addition of 2 ml of 10% TCA (trichloroacetic acid) solution. The mixture was slightly agitated and was centrifuged at 8000 rpm for 30 min. The optical density of the precipitate was determined at 280 nm (Johnvesly and Naik, 2001).
Effect of pH on the activity and stability
The optimum pH and stability of the enzymatic preparation was monitored over a pH range of 4.0 to 13.0 in different buffers and the residual enzymatic activities were determined under standard assay conditions. The following buffers were used: 100 mM glycine-HCl, pH 2.0-4.0; 100 mM Sodium acetate buffer, pH 4.0-6.0; 100 mM Tris-HCl buffer, pH 7.0-8.0; 100 mM glycine-NaOH buffer, pH 9.0-10.0; 100 mM Na2HPO4-NaOH buffer pH 11.0; 100 mM KCl-NaOH, pH 12-13 (Hmidet et al., 2009).
Effect of temperature on the activity and stability
To investigate the effect of temperature, enzyme activity was tested at different temperatures between 40 to 100 °C at pH 12.0 for protease activity and at pH 10.0 for α-amylase activity. Thermal stability was examined by incubating the enzyme preparation at temperature of 30 min (Hmidet et al., 2009). The remaining enzyme activities were measured under standard assay conditions. Non-heated crude enzyme was used as a control (100%).
Effects of inhibitors and metal ions on enzymes activities
The effects of enzyme inhibitors on α-amylase and protease activities were studied using Ethylenediaminetetra acetic acid (EDTA), and β-mercaptoethanol. The RBS 5 crude enzyme was pre-incubated with inhibitors for 30 min. The remaining α-amylase and protease activities were determined under standard assay conditions. The activity of the crude enzyme assayed in the absence of inhibitors was taken as 100% (Hmidet et al., 2009) 
Effect of surfactants and detergents on enzyme stability
The suitability of RBS 5 crude enzyme for use as a detergent additive was tested by studying its stability in the presence of several surfactants such as SDS (sodium dodecyl sulphate), Triton X-100, and oxidizing agents such as hydrogen peroxide (H2O2) and perfume. The Crude enzyme was incubated with different additives for 1 hour at 40 °C (Hmidet et al., 2009) , then the residual enzyme activities were determined under standard assay conditions.
Stability of proteolytic crude extract of RBS 5 with commercial detergents powder
The suitability of RBS 5 crude extract to use in commercial laundry detergents was also studied. The solid detergents tested were Dixan (Henkel, Spain), Nadhif (Henkel, Tunisia) and Ariel (Switzerland). Solid detergents were diluted in tap water to give a final concentration of 7 mg/ml. The endogenous enzymes contained in these detergents were inactivated by heating the diluted detergents for 30 min at 80 °C. The crude enzyme were added to solid detergents diluted in tap water and incubated in various detergent solutions for 1 hour at different temperatures; the residual enzyme activities were determined under standard assay conditions. The stability towards commercial detergents was described with two commercial detergent enzymes under the same conditions as with the RBS 5 enzymes. The enzyme activity of the control sample (without any detergent), incubated under the same conditions, was taken as 100% (Hmidet et al., 2009).
RESULTS
Identification of RBS 5 Strain
RBS 5 strain was isolated from thermal springs in Korbos, Tunisia. The identification of the isolate was based on both catabolic and molecular methods. Morphological and physiological characteristics showed that RBS 5 belong to the Bacillus licheniformis. It was a spore-forming and Gram-positive bacterium, it was rod-shaped, and it was able to grow from 50 °C to 80 °C. The amplification of the 16S ribosomal ribonucleic acid (rRNA) gene using universal primers Fd1 and Rd1 (Fd1, 5′-AGAGTTTGATCCTGGCTCAG-3′ and Rd1, 5′-AAGGAGGTGATCCAGCC-3′) designed from conserved regions within the rRNA operon of E. coli was performed. The sequence showed a similarity of 99% with the 16S rRNA gene of Bacillus licheniformis strain NBSL59 (accession number JN624930). Based on the obtained data, RBS5 seemed to be closely related to the B. licheniformis species. Therefore, we proposed the alignment of this organism as the B. licheniformis RBS5 strain.
Amylolytic and proteolytic activities produced by RBS 5
Enzymatic activities produced by RBS5 were detected on polyacrylamide gels. α-amylase activity appeared on SDS-PAGE gels as unique clear band, indicating that the isolate harbored only one α-amylase enzyme (Figure 1) . Similarly, protease activity was detected also as a single band (Figure 1 ). 
2 Effect of pH on α-amylase and protease activities and stability
The effect of pH on proteolytic and amylolytic activities of RBS 5 crude enzyme was determined over a pH range from 4.0 to 13.0. The general activity of α-amylase was at the pH range from 4 to 9 (Figure 2 ). Concerning α-amylase stability, the activity was highly stable in the pH range 8.0 to 10.0 retaining more than 95% of its initial activity (data not shown) and decreased till 30% at pH 11. The RBS 5 crude extract protease was active over a broad pH range of 3.0 to 13.0 with optimal activity at pH 11.0 (Figure 2 ). The crude enzyme retained 100% of its proteolytic activity between pH 10.0 and 12.0, and ca. 50% of its activity at pH 13.0 (data not shown).
Figure 2 Effect of pH on enzyme activities of B. licheniformis RBS 5.
Effect of Temperature on the activity and stability of α-amylase and protease
α-amylase activity was essayed at different temperature and was active between 45 °C to 80 °C with an optimum at ca. 65 °C. For the proteases enzyme, activity increased with temperature within the range of 60-95 °C, and had optimum activity at 80 °C ( Figure 4A and 4B). The Effect of temperature on enzyme stability was studied. α-amylase retained its full activity at temperatures between 45 and 70 °C after incubation for 30 min. However, for higher temperatures, the α-amylase activity showed clear decrement and retained only 40 % of its initial activity at 80 °C. For the protease activity, the initial full activity was conserved until 60 °C during 30 min of incubation, moreover, this activity shutdown to 10% at 95 °C.
Effects of various enzyme inhibitors and metal ions on α-amylase and protease activities
The effects of various enzyme, inhibitors, were studied and are reported in Table  1 . The amylolytic activity was slightly inhibited with 2 mM of EDTA, however, with 5 mM EDTA the retained activity was 10%. The effect of EDTA on protease activity was concentration dependent, being without effect by using 2 mM and caused 40 % -activity loss by 5 mM of EDTA. The β-mercaptoethanol showed a slightly inhibition of activity for both protease and amylase activities being 87% and 92, respectively. The effects of various cations at a concentration of 5mM on protease and α-amylase activities were studied at optimal activity conditions (Tab 2). 
Effect of surfactants and oxidizing agents on α-amylase and protease stability
The effect of surfactants and oxidizing agents were assayed under standard conditions (Tab 3). Both activities were highly stable in the presence of non-ionic surfactants, retaining 100% of the initial activities in the presence of 1mM Triton X-100 after 30 min of incubation at 60 °C. The assay of SDS at 5 mM caused a slight inhibition for the α-amylase and strong inhibition of protease. However, 1 mM of SDS has low inhibition effect in α-amylase and protease activities retaining ca. 94% and 93% of the initial amylolytic and proteolytic activities, respectively. In addition, we investigated the effect of the oxidizing agent hydrogen peroxide (H2O2) on the stability of RBS 5 enzymes after pre-incubation for 30 min at 60 °C. As shown in Table 3 , both amylolytic and proteolytic
α-amylase Protease pH
Relative actiity (%) α-amylase Protease activity Protease α-amylase activities were significatively inhibited by H2O2. The α-amylase and protease enzymes retained 63% and 61% of its initial activities, respectively. Furthermore, a local commercialized perfume used at 1 (v/v) concentration does not affect proteolytic and amylolytic activities of RBS 5. 
Stability of proteolytic crude extract with commercial detergents powder
In order to check the suitability of the enzyme preparation with detergents powder, the crude enzyme was incubated for 1 h at 40 and 50 °C with various commercial laundry detergents. The data presented in Figure 4 showed that, RBS 5 crude enzyme was extremely stable towards detergents Ariel powder tested at 40 °C and 50 °C that retained 100% of its initial activity, After 1 hour of incubation at 40 °C more than 83% of activity with Dixan was conserved and 70% with Nadhif. Interestingly, at 50 °C, crude enzyme mixed with Ariel retained 99% and only 20% with Dixan and 14% of its activity in the presence of Nadhif. Enzyme activities of control samples without any detergent, incubated under the similar conditions, were not affected.
Figure 4
Stability of the protease activity in the presence of various commercial powder detergents (Ariel, Dixan and Nadhif).
DISCUSSION
In this work, we report the characterization of thermostable α-amylase and alkaline protease produced by Bacillus licheniformis RBS 5 strain isolated from hot Tunisian springs (korbos). The B. licheniformis RBS 5 was shown to coproduce thermostable α-amylase and protease. On SDS-PAGE, both activities were subsequently detected as a single band for each one suggesting the presence of two separate extracellular enzymes α-amylase and protease. Many authors have reported the occurrence of one α-amylase and more than one protease that were found in B. licheniformis isolate ( Protease produced by B. licheniformis RBS 5 produce higher activity at pH 11. The crude enzyme retained 100% of its proteolytic activity between pH 10.0 and 12.0, and ca. 50% of its activity at pH 13.0. Alkaline protease was reported from B. subtilis BP-36 with a pH range of stability 9.0 to 11.0 and an optimum pH at 9. Gupta et al., 2003) . Effects of various enzyme inhibitors and metal ions on protease and α-amylase activities were investigated in this work. The addition of EDTA and β-mercaptoethanol at a concentration of 2 mM kept the protease activity and only 80% of activity was retained for α-amylase. However at 5 mM, only 10% and 60% of α-amylase and protease activities were retained, respectively, indicating the no requirement for metal cofactor. We have studied the influence of surfactants, oxidizing agents and local commercialized perfume on the α-amylase and protease activities. Triton X-100, SDS and 1% of perfume kept nearly the total original activity. The protease was stable and remained active in presence of 1% of SDS.The same result has been reported for B. mojavensis, Bacillus. sp. RGR-14 and Bacillus. sp. KSM-KP 43 (Gupta et al., 2003; Saeki et al., 2007) . A 0.5% of H2O2, reduced the α-amylase and protease activities to 63 and 61% of the initial activities, respectively. To assess the stability of alkaline protease and the suitability for use in commercial detergents, RBS 5 proteolytic crude extract was incubated for 1 hour at 40 °C and 50 °C, in the presence of various detergents marketed in Tunisia (Ariel, Dixan and Nadhif). The results indicated that the enzyme extract showed high stability when it was mixed with various commercial detergents powder at a concentration of 7 mg/mL at 40 °C. RBS 5 alkaline protease showed a higher stability with Ariel (100% residual activity) comparing to Dixan and Nadhif (80% and 60% of residual activity) respectively, when similar results have been reported for B. licheniformis RP1 and B. mojavensis A21 with excellent stabilities obtained with a range of commercial detergents powder at a concentration of 0. . At 50 °C, proteolytic crude extract was not stable and activity was lost to reach 20% and 18% respectively, for Dixan and Nadhif but was stable for Ariel.
CONCLUSION
The α-amylase and protease activities produced by B .licheniformis RBS 5 isolate, were stable over a wide range of pH and temperature. In addition, the crude extract showed compatibility with various commercial detergents tested, it enhanced washing performance of the detergent.
